In a criminal investigation, it is important to clarify the origin of the extracted DNA from available biological samples. In recent years, a new approach for the identiˆcation of body ‰uid stains has been demonstrated and involves a comparison of speciˆc mRNA expression levels. Here, we used real-time RT-PCR to examine the expression levels of STATH, HTN3, MUC4, and ESR1 genes from salivary, nasal, and vaginal secretions which are often thought to be di‹cult to discriminate between. STATH was expressed at high levels in all salivary (dCt＝1.27±3.18, n＝ 10) and all nasal secretions (dCt＝-0.99±3.94, n＝8), and at low levels in 3 of the 10 vaginal secretions (dCt＝16.34-17.47). HTN3 was expressed at high levels in all salivary secretions (dCt＝0.67±3.08). MUC4 was expressed at relatively high levels in all vaginal secretions (dCt＝4.97±2.36, n＝10), and at moderate levels in 5 of the 10 salivary secretions (dCt＝8.55-10.40) and in 4 of the 8 nasal secretions (dCt ＝6.56-8.23). ESR1 was expressed at relatively high levels in all vaginal secretions (dCt＝5.79±2.90), but no expression was found in salivary and nasal samples. These results indicate the possibility for speciˆc discrimination between various body ‰uids. To test the practicality of this, gene sensitivity and stability were examined in saliva, semen, and blood stains. Several genes, including ACTB, STATH, HTN3, PRM2, SEMG1, and HBB, were shown to be detectable even in small volume (0.1 mL) stains and were also expressed in 1-year-old stains. mRNA stability was dependent on favorable environmental factors, such as dryness and shading. In addition, the successful detection of target genes from mixed stains and simulated casework samples might promise the utility of this assay. The mRNA assay therefore appears to be a novel tool for body ‰uid identiˆcation from biological samples.
Introduction
In recent years, DNA analysis has been used eŠectively to obtain individual genetic proˆles from biological samples associated with crimes.
As the accuracy of genetic proˆles increases, it becomes more important to establish the origin of extracted DNA with the identiˆcation of body ‰uids. At present, most forensic laboratories use serological and enzymatic tests as conventional methods for the identiˆcation of body ‰uids. In particular, instead of classical methods such as the ring test or counter current electrophoresis, simpler and more rapid immunochromatographic kits such as OCHemocatch (Eiken Kagaku, Tokyo, Japan) for blood, SERATEC PSA SEMIQUANT (SERATEC, Gottingen, Germany) for semen, and the RSID series (Independent Forensics, Lombard, IL) for saliva and urine have been used. 1 4) In 2010 and 2011, we developed enzymelinked immunosorbent assays (ELISA) with new speciˆc antibodies for the identiˆcation of urine, saliva, and sweat, which had previously been one of the most di‹cult body ‰uids to identify. 5 8) We found that dermcidin, an antimicrobial peptide speciˆcally expressed in eccrine sweat glands and transported via sweat to the epidermal surface, could be used as a speciˆc marker to identify sweat or sweat dirt attached to a hat or an undershirt. 5) An alternative approach compares speciˆc mRNA expression levels using real-time RT-PCR. 9 14) We examined the usefulness of this assay with various target genes including statherin (STATH) and histatin 3 (HTN3) for saliva, protamine 2 (PRM2) and semenogelin 1 (SEMG1) for semen, dermcidin (DCD) for sweat, uromucoid ( UMOD ) for urine, hemoglobin-beta (HBB) for blood and matrix metallopeptidase ( MMP7 ) for menstrual blood. 5,6,15 18) However, no speciˆc markers for nasal and vaginal secretions have been identiˆed, so identiˆcation of these secretions has relied on microscopic examination of nasal columnar epithelial cells and vaginal squamous cells, or immunologic analyses with speciˆc sera against human nasal and vaginal secretions. 19 22) Lugol's staining technique has long been used as a speciˆc test for vaginal squamous cells, 21, 22) but is no longer considered su‹ciently speciˆc since glycogen-containing cells exist in male oral and urethral squamous cells. 23, 24) In addition, most laboratories do not have speciˆc antibody reserves.
We recently showed for theˆrst time that STATH but not HTN3 mRNA was highly expressed in nasal secretions, 16) indicating that these could be useful discriminating marker genes for salivary and nasal secretions. We also found that 17b estradiol (E2-17b), the female hormone with strong estrogenic activity that is mainly synthesized in the ovaries and placenta from testosterone by the action of aromatase, was present at high concentrations in vaginal secretions using gas chromatography-mass spectrometry (GC-MS) and ELISA. 25) This indicated that estrogen receptor alpha (ESR1), 26) related to E2 17b expression, and mucin 4 (MUC4) 10, 11) could be used to identify vaginal secretions.
The aim of this study was to clarify whether the expression levels of 4 selected genes, STATH, HTN3, MUC4 and ESR1, assayed using real-time RT-PCR would successfully discriminate between salivary, nasal and vaginal secretions. We also tested the sensitivity and stability of an endogenous control gene and a target gene in salivary stains, semen and blood stains. In addition, we describe the application of this assay in mixed stains prepared as a preliminary examination and simulated casework samples, such as saliva found on the lip of a can or the cigarette butt, which frequently remained at crime scenes.
Here, we verify the feasibility of identifying body ‰uids using a real-time RT-PCR based on known and newˆndings, and introduce the usefulness of this new technique in forensic practice.
Materials and Methods

Body ‰uid
Fresh body ‰uids comprising saliva, nasal secretions, vaginal secretions, semen, blood, urine, and sweat were obtained from participants (n＝5 10; aged 26 48 years) using procedures approved by the Institutional Review Board of the National Research Institute of Police Science, Japan. Some nasal secretions were obtained by blowing the nose with paper tissues, and all vaginal secretions were collected by wiping the vaginal mucosa with a sterile cotton swab. Sweat was collected mainly from the face and arms after the participants exercised and bathed. Other body ‰uids were obtained using general noninvasive methods.
Body ‰uid samples (30 mL, nasal paper tissues of approximately 1×2 cm, vaginal cotton swabs of approximately 0.5×0.5 cm) were used immediately for total RNA extraction. Those samples that could not be prepared immediately were stored at -80°C and were used as soon as possible. No RNA stabilization reagent was used to minimize RNA degradation in the samples. 2 Total RNA extraction, cDNA synthesis, and real-time RT-PCR Total RNA was extracted from all samples using an RNeasy Mini Kit ( QIAGEN, Germantown, MD), and DNase I digestion was performed using the RNase-Free DNase Set (QIAGEN) according to the manufacturer's protocol. Reverse transcription was performed on 5 mL RNA in a total reaction volume of 10 mL with random hexamers and an oligo-dT primer according to the manufacturer's protocol using a PrimeScript RT reagent kit (TAKARA, Tokyo, Japan ) . Synthesis was conducted in a PTC-100 TM Peltier Thermal Cycler ( MJ Research, Ramsey, MN) at 37°C for 15 min then 85°C for 5 s.
The TaqMan probe (Applied Biosystems, Foster, CA), which was designed to overlap exon/exon junctions to avoid detection of contaminating DNA, was labeled with FAM (or VIC) as a reporter dye at the 5' end and with TAMRA (or MGB) as a ‰uorescent quencher at the 3′ end. It was then used to ensure the mRNA speciˆcity of the primers and probes. The selected target genes were as follows: STATH (Hs00162389_m1, 90 bp), HTN3 (Hs00264790_ m1, 136 bp), MUC4 (Hs00366414_m1, 55 bp), ESR1 ( Hs00174860 _ m1, 62 bp ) , PRM2 (Hs00172518_m1, 89 bp), SEMG1 (Hs00268141 _m1, 82 bp) and HBB (Hs00758889_s1, 95 bp), with actin-beta (ACTB, Hs00357333_g1, 77 bp), eukaryotic 18S rRNA (18S, Hs99999901_ s1, 187 bp), and glyceraldehyde-3-phosphate dehydrogenase (GAPDH, Hs02758991_g1, 93 bp) as endogenous control genes. Real-time PCR ampliˆcation was performed in a total volume of 25 mL, with Premix Ex Taq TM (Perfect Real Time, Takara) and 2 mL of cDNA template. Ampliˆcation was conducted using a Smart Cycler II system (Cepheid, Sunnyvale, CA) under the following conditions: initial denaturation at 95°C for 10 s, followed by 45 cycles of 95°C for 5 s and 60°C for 20 s. Negative controls without reverse transcriptase were used for each experiment, and it was conˆrmed that mRNA was the source of the RT-PCR amplimers and not contaminating genomic DNA.
Data analysis
ACTB was used as an endogenous control in real-time RT-PCR to evaluate the threshold cycle value (Ct: cycle number at which the ‰uorescence passed the threshold of detection) and to serve as an internal positive control for sample extraction and reserve transcription. We previously constructed an ACTB calibration curve from the Ct values and RNA concentrations; the ACTB Ct value was in the range 22 40. 16) The cut-oŠ values for target genes were set at Ct＝40. Each sample was normalized by ACTB to compensate for diŠerent amounts of total RNA. To compare expression levels of target genes among body ‰uid samples, the delta Ct (dCt) value was calculated by subtracting the Ct value of ACTB from the Ct of the target genes. A small dCt value indicates a high level of expression of the respective target transcript, and a large dCt value indicates a low level of expression. When the quantiˆcation range and linearity of the calibration curve were examined, the lowest Ct value of ACTB was 22 and the highest Ct value of the target genes was 40. Therefore, the dCt value of a negative sample was arbitrarily set at 18. Statistical analysis was conducted by onefactor ANOVA with the Tukey-Kramer post-hoc test to compare gene stability in body ‰uid stains. Statistical signiˆcance was set at 1 (p＜ 0.01). 4 Gene sensitivity and stability in saliva, semen and blood stains A fresh sample (0.1 20 mL) of saliva, semen and blood was placed on a cotton swab to determine the detection sensitivity of control genes (18S, ACTB, GAPDH) and target genes (STATH, HTN3, PRM2, SEMG1, HBB) (n＝ 3). Blood samples were stored at -80°C for approximately six months. Gene stability was examined over time from approximately 1 h after stain preparation to up to 1 year and was compared under diŠerent temperatures: 22 25°C (room temperature), 4°C (refrigerator), and 35°C (oven). 5 Detection of genes from mixed stains and simulated casework samples Mixed stains were prepared by mixing equal volumes (10 mL) of two diŠerent body ‰uids together on a cotton swab which was kept at room temperature for three days. Vaginal samples (10 mL) were extracted from the 0.5× 0.5 cm cotton swab with 100 mL PBS. Simulated casework samples for saliva stain identiˆcation were prepared from various used drinking or eating implements and vessels, including two water glasses, two green tea bottles, one caf áe au lait can and one chopstick. These items were kept at room temperature for 2 h to 4 days and the areas touched by lips were wiped by cotton swabs dampened with distilled water. One cigarette butt was kept at room temperature for 4 days, and the rolling paper (approximately 1× 1 cm) and theˆlter tip (approximately half a tip) were examined.
Results
1 Detection of STATH, HTN3, MUC4, and ESR1 in salivary, nasal, and vaginal secretions The Ct values for ACTB, STATH, HTN3, MUC4, and ESR1 were examined in salivary (30 mL, n＝10), nasal (30 mL, n＝6; paper tissues of approximately 1×2 cm, n＝2) and vaginal secretions (cotton swabs of approximately 0.5× 0.5 cm, n＝10). As shown in Tables 1 3, the Ct value for ACTB (the endogenous control) was expressed su‹ciently in all samples. STATH and HTN3 were detected in all saliva samples, MUC4 Salivary, nasal and vaginal secretion discrimination by real-time RT-PCR was detected in 5 of the 10 samples, and ESR1 was not detected ( Table 1) . STATH was detected in all nasal secretion samples, MUC4 was detected in 4 of the 8 samples, and ESR1 and HTN3 were not detected ( Table 2 ). MUC4 and ESR1 were detected in all vaginal secretion samples, STATH was detected in 3 of the 10 samples, and HTN3 was not detected ( Table 3) . Negative controls with no reverse transcriptase did not give substantial Ct values.
Expression levels of target genes in various body ‰uids
The dCt value of all target genes was determined for saliva (n＝10), nasal secretions (n＝8), vaginal secretions (n＝10), and other body ‰uids (semen, blood, urine, sweat, each 30 mL; n＝5 each). The resulting dCt values of STATH and HTN3, and MUC4 and ESR1 are shown in Fig. 1 A and Fig. 1 B, respectively. STATH was highly expressed in all salivary samples (dCt＝1.27±3.18, mean±SD) and all nasal secretions (dCt＝-0.99±3.94) but was poorly expressed in 3 of the 10 vaginal secretions (dCt＝16.34-17.47), and was not expressed at all in other body ‰uids (Fig. 1 A) . HTN3 was highly expressed in all salivary samples (dCt＝ 0.67±3.08) but was not expressed in other body ‰uids (Fig. 1 A) . MUC4 was expressed at relatively high levels in all vaginal secretions (dCt＝4.97±2.36) but was expressed at low levels in 5 of the 10 salivary samples (dCt＝8.5-10.40), in 4 of the 8 nasal secretions (dCt＝ 6.56 -8.23), in 1 of the 5 semen samples (dCt＝ 10.35) but was not expressed in other body ‰uids (Fig. 1 B) . ESR1 was expressed at relatively high levels in all vaginal secretions (dCt＝ 5.79 ±2.90) but was expressed at low levels in 3 of the 5 semen samples (dCt＝8.98-10.06), in all blood samples (dCt＝12.51±0.85), and not in other body ‰uids (Fig. 1 B) . 3 Sensitivity and stability of endogenous control and target genes in saliva, semen, and blood stains The detection sensitivity of 18S, ACTB, and GAPDH endogenous control genes, STATH and HTN3 in saliva, PRM2 and SEMG1 in semen, and HBB in blood, were examined in 0.1  20 mL saliva, semen, and blood stains (1-dayold, room temperature, n＝3). Gene Ct values from 0.1 mL body ‰uid stains are shown in Table  4 . In saliva stains, 18S and ACTB showed substantial Ct values, but GAPDH (Ct＝ 37.42 ±1.11) was out of the quantitative range (22＜ Ct＜35). STATH (Ct＝37.95±0.70) and HTN3 (Ct＝39.19±0.10) showed substantial Ct values. In addition, 18S, ACTB, GAPDH, PRM2 and SEMG1 in semen stains, and 18S, ACTB, GAPDH, and HBB in blood stains all showed substantial Ct values. Next, the stability of 18S, ACTB, and GAPDH in 20 mL saliva, semen, and blood stains were examined over time (0 days to 1 year, room temperature, n＝ 4). As shown in Fig. 2A , gene Ct values in saliva stains signiˆcantly increased with time (P＜ 0.01). Although both 18S (Ct＝23.82±0.88) and ACTB (Ct＝34.34±0.36) expression levels were detectable even after 1 year, GAPDH could not be detected after 3 months. Semen stains showed similar stability to saliva as GAPDH was not detected after 6 months (Fig. 2B) . While blood stains appeared to be more stable than saliva and semen stains, GAPDH was not detected after 3 months (Fig. 2C) . The stability of ACTB in 20 mL saliva, semen, and blood stains was compared at diŠerent temperatures for up to six months: 22 25°C (n＝4), 4°C (n＝ 4), and 35°C (n＝4). The values relative to the Ct value of day 0 (designated 100) are shown in Fig. 3A C. The relative Ct value of saliva stains at 4°C was signiˆcantly higher (P＜0.01) than at 22 25°C or 35°C after 1 month, with the Ct value at 35°C signiˆcantly lower (P＜0.01) after 6 months (Fig. 3A) . Semen stains showed similar stability to saliva (Fig. 3B) , but the relative Ct value of blood stains showed no signiˆcant diŠerence among the three temperatures after 6 months (Fig. 3C) . Gene stability was then compared in each body ‰uid stain over time (0 days to 1 year, room temperature, n＝4). Ct values of ACTB, STATH, and HTN3 in saliva stains showed a similar increase with time (Fig. 4A) as did Ct values of ACTB, PRM2, and SEMG1 in semen stains, but these sharply increased after 6 months (Fig. 4B) . Ct values of ACTB and HBB in blood stains similarly increased with time, and they appeared more stable than saliva and semen (Fig. 4C) . 4 Detection of genes from mixed stains and simulated casework samples Combinations of mixed body ‰uids and detected genes are shown in Table 5 . All mixed stains showed su‹cient ACTB expression levels. The target genes detected from mixed stains were consistent with those expected from the body ‰uids included in the mix.
Simulated casework sample detection results are shown in Table 6 . ACTB was detected in all samples. STATH and HTN3 were detected in two water glasses (2 h and 4 days after use), one green tea bottle (2 h after use), one lip of a cafáe au lait can (4 days after use), one chopstick (3 h after use), a rolling paper and aˆlter tip of one cigarette butt (4 days after use). HTN3 Ct values were higher than those of STATH with the exception of the green tea bottle sample. A second green tea bottle (4 days after use) expressed STATH but not HTN3.
Discussion
It has long been thought that mRNA is highly unstable and not suitable for forensic use. However, several reports over the past few years indicate that it is more stable than expected and thus can play an important role in developing new techniques for body ‰uid identiˆcation. 5,6,9 18) In the present study, we used real-time RT-PCR of 4 genes (STATH, HTN3, MUC4, ESR1) to discriminate between salivary, nasal and vaginal secretions. All saliva samples expressed high levels of STATH and HTN3, as previously reported. 15, 16) and did not express ESR1 ( Table 1 ). All nasal samples also expressed high levels of STATH but not HTN3, as previously reported, 16) and did not express ESR1 ( Table 2) . On the other hand, all vaginal samples showed moderately high expression levels of MUC4 and ESR1 and did not express HTN3 ( Table 3) . These results indicate that this assay can discriminate between the three body ‰uids.
The sensitivity and stability of MUC4 and ESR1 could not be examined in this study because it was di‹cult to prepare standard vaginal samples. However, those of 18S, ACTB, and GAPDH endogenous control genes, STATH and HTN3 target genes in saliva, PRM2 and SEMG1 in semen stains, and HBB in blood stains were examined for comparison. The sensitivity and stability of GAPDH were found to be lower than those of 18S and ACTB (Table  4 , Fig. 2A C) . Although we did not observe a signiˆcant diŠerence between 18S and ACTB in the present study, it is generally considered that diŠerent RNA types (mRNA, tRNA, rRNA) decay at diŠerent rates resulting in a change in the ratios of RNA species over time. Anderson et al. previously reported that rRNA 18S was more stable than mRNA ACTB in the same species, 27) while Moreno et al. recently showed that beta 2 microglobulin (B2M) was equal to ACTB as a useful housekeeping gene in forensic samples. 28) For this reason we compared the stability of ACTB in saliva, semen, and blood stains at various temperatures, and found that relative Ct values in all body ‰uid stains were signiˆcantly higher at 4°C in the refrigerator. Moreover, relative Ct values increased more in all body ‰uid stains at room temperature (22 25°C) after 6 months than at 4°C or 35°C. These results suggest that humidity and light aŠect mRNA degradation as we previously reported. 15) As the relative Ct value of semen stains was signiˆcantly higher than that of saliva and blood stains at 4°C after 1 month (Fig. 3A C) , mRNA stability appears to diŠer between body ‰uids, supporting our previousˆnding that mRNA stability in nasal stains was lower than in saliva stains. 16) In addition, ACTB showed similar stabilities to target genes in saliva, semen, and blood stains (Fig. 4A C) , which was relevant for comparing target gene expression levels. Semen stain Ct values at room temperature after 6 months all appeared to increase at a high rate (Figs. 2B, 3B , 4B), which could be the result of mRNA degradation through operating error or the in‰uence of other factors.
Mixed stains showed the expected expression of genes common to both body ‰uids ( Table 5) . Further studies should examine stains mixed with various ratios of each body ‰uid. Finally, we evaluated whether target genes could be detected from simulated casework samples. As shown in Table 6 , STATH and HTN3 were detected in all saliva samples except one which only expressed STATH. HTN3 Ct values detected were almost larger than those of STATH indicating that HTN3 is degraded more readily than STATH in forensic samples, perhaps because of diŠerences in ampliˆcation Table 5 mRNA detected in three-day-old mixed stains (10 mL＋10 mL).
Mixed stains
Detected mRNAs
＋Detected; -not detected; -not tested. Salivary, nasal and vaginal secretion discrimination by real-time RT-PCR sizes (136 bp vs. 90 bp). We conclude that real-time RT-PCR will become a useful tool for the identiˆcation of body ‰uid stains in the near future, and our results suggest that it is possible to discriminate between salivary, nasal, and vaginal secretions. Further studies to reˆne the procedure for forensic use should investigate the eŠects of menstrual cycle on gene expression levels, tear ‰uid composition in nasal secretions, compare detection sensitivity with conventional assays, and simultaneously extract DNA and RNA from trace amounts of stains. Although much research has focused on multiplex PCR systems for the RNA proˆling of various body ‰uids, we suggest that a single system may be more eŠective in practice. For example, when an enzymatic assay like the Phadebasamylase test (Magle AB, Lund, Sweden) is not su‹cient for saliva identiˆcation in a forensic case, the detection of HTN3 using this assay should provide decisive evidence. In some very recent interesting studies, the development of mRNA biomarkers for identiˆcation of skin from socalled`touch DNA' evidence has been reported. 29, 30) As there appears to be an increase of touched objects, such as groping in crowded trains, similar studies will be required in the future.
